INTRODUCTION
The clinical note 1,2 documents the physician's information collection, [3] [4] [5] [6] [7] problem assessment, [3] [4] [5] [6] [7] and clinical management. [3] [4] [5] [6] [7] [8] In addition to its clinical uses, it is important for patient safety, 5,6,9-11 quality assurance, 5, 12, 13 legal proceedings, 4, 5, 14 billing justification, 4, 6, 14, 15 and medical education. 3, [16] [17] [18] EHRs are being implemented in clinical practices throughout the USA yet the basic functions of clinical notes have not changed despite this transition from a paper to electronic format. The benefits of EHRs include the instantaneous availability of medical records 6, 9, 16 and the elimination of illegible notes. 6, 16, 19, 20 It is not known whether EHRs improve the quality of clinical notes.
We developed a quantitative instrument, QNOTE, to measure clinical note quality. A validation study found QNOTE to be a valid and reliable measure of clinical note quality. 2 We used QNOTE to assess the quality of the outpatient primary care clinical notes for patients with type 2 diabetes who were seen in clinic at three successive time points: before EHR implementation (before-EHR), approximately 6 months after-EHR implementation (after-EHR), and approximately 5 years following EHR implementation (5-year-EHR). We hypothesized that the implementation of an EHR would improve the quality of outpatient clinical visit notes. Correspondence Briefly, the physician outpatient notes of patients with type 2 diabetes (patients could have comorbid conditions) who had been seen in clinic on at least three occasions were used for this study. These notes were also used for the prior instrument validation study. The three occasions were: once approximately 6 months prior to EHR adoption (before-EHR), once approximately 6 months after EHR adoption (after-EHR), and once approximately 5 years after EHR adoption (5-year-EHR). This resulted in three outpatient clinical visit notes per patient. Onethird of the notes were handwritten (before-EHR) and twothirds were electronic (after-EHR and 5-year-EHR). The before-EHR visit notes were free text and the after-EHR and 5-year-EHR visit notes were electronic templates structured by the physicians. QNOTE has been shown to be equally reliable for assessing handwritten and electronic notes. 2 From the patient pool of 537 patients, 100 study patients were randomly selected, resulting in 300 study notes; 100 before-EHR, 100 after-EHR, and 100 5-year-EHR.
To rate the visit notes, we recruited 8 general internal medicine and 8 family medicine MHS physicians in the District of Columbia metropolitan area, 10 were military physicians, 6 were civilian physicians, none of whom had prior experience assessing the quality of clinical notes. Before starting their reviews, the raters were shown the QNOTE instrument and instructed on how to fill it out online. They were told to read the note and score the note using QNOTE. They did not receive any training. The notes and raters were each independently randomized prior to the notes being given to the raters. They were asked to score the components of each element as fully acceptable, partially acceptable, or unacceptable. Not all of the components were used to evaluate all of the elements, but every element was evaluated using at least one component. After the raters completed their ratings of the elements' components, a score was assigned to each component's rating: fully acceptable (100), partially acceptable (50), and unacceptable (0). The average of the component scores was the score for that element. The reviewers were not contacted during the review process and they were not compensated for participating in the study. The Uniformed Services University of the Health Sciences Institutional Review Board approved the study.
QNOTE scores are reported as means, ranging from 0 to 100, and SDs. The element scores were compared with their grand mean scores using the Student's t-test. The change in the element scores and grand mean scores across the time intervals were calculated in percentages and compared using the Student's paired t-test. Pearson's correlation coefficient was used to compare elements over time. The F-test was used to test for equality of variance. All calculations were performed using SAS 9.7 (Cary, North Carolina, USA).
RESULTS
The before-EHR, after-EHR, and 5-year-EHR grand mean scores (SDs) were 52.0 (18.4), 61.2 (16.3), and 80.4 (8.9), respectively, (table 1) and the change in scores for before-EHR to after-EHR and before-EHR to 5-year-EHR were 18% (p<0.0001) and 55% (p<0.0001), respectively (table 2). All the element and grand mean quality scores significantly improved over the 5-year time interval. The improvement in scores was associated with an increasing similarity of element scores (figure 1). The correlation between the element scores, comparing before-EHR to after-EHR was r ¼ 0.96, p<0.0001, and comparing before-EHR to 5-year-EHR was r ¼ 0.61, p ¼ 0.035. Over time, the element scores became less correlated with the before-EHR scores.
The significant shift to higher quality scores was accompanied by a significant reduction in the grand mean SDs, before-EHR to 5-year-EHR, 18.4-8.4, p ¼ 0.015. Other than the problem list variance, which did not significantly change over time, all the elements' variances decreased in the before-EHR to 5-year-EHR time interval.
At the before-EHR time point, four elements, namely, problem list, past medical history, social and family history, and review of systems, were significantly below the before-EHR grand mean (table 1) . These four elements' scores demonstrated the largest improvements over time. Also at the before-EHR time point, four elements, namely, adverse drug reason and allergies, physical findings, assessment, and plan of care were significantly above the before-EHR grand mean. These elements' scores also significantly improved, but less so than the four elements that had been below the grand mean.
DISCUSSION
The introduction of the EHR significantly improved the quality of the outpatient clinical notes. All the element and grand mean quality scores significantly improved, some within 6 months and all by the end of 5 years. This suggests that it took the physicians some time to learn how to effectively use the capabilities of the EHR and that its structural design caused them to write more detailed and comprehensive notes. The decline in the correlation of the elements before-EHR to after-EHR and to 5-year-EHR reflects changes in their relationships due to the introduction of the EHR. The reduction in element score variances by the end of 5 years demonstrates that the improvement in scores occurred across physicians, rather than in a subset of physicians.
The 'core' elements that physicians focus on during the patient visit are the chief complaint, HPI, physical findings, assessment, plan of care, and follow-up. At the before-EHR time point all the core elements had quality scores greater than 60, which suggests that the physicians were focusing on them during the patient visit before the advent of the EHR. The core elements' average score increased from 64.4 (before-EHR) to 83.7 (5-years-EHR), p<0.001; a significant 30% increase in quality. Because the core elements are not a result of auto population or other automated systems it is reasonable to conclude that the EHR's effect on physician performance is responsible for the observed 30% improvement in core note quality.
Many EHRs include check boxes, presumably to make it easier for physicians to complete a detailed yet comprehensive note. But check boxes have two unintended pernicious consequences; they provide an opportunity for physicians to gloss over important aspects of the note and they reduce our ability to assess the quality of the note. EHRs also create larger boxes within which specific information is entered. The problem with this idea is that the information associated with QNOTE's elements may be scattered throughout the note. For example, the HPI is a chronological story that explores the patient's chief complaint. 21 The HPI contains all the information relevant to the chief complaint and it can include information from many parts of the note. Furthermore, complex patients can generate complex notes that do not easily fit into discrete boxes. Finally, a recent survey of physicians found that onscreen boxes make it more difficult to practice medicine, turning face time into screen time, and thus into physician frustraction. 22 In would be better if we assist physicians with the non-core elements of their notes, but allow them to write their core elements.
We can then use QNOTE, in conjunction with natural language processing, to assess the core elements and note quality.
There has been a great deal of interest in the copying and pasting of information from previous notes into the current note. 23, 24 Physicians have been copying from previous notes since long before the introduction of the EHR. It was a time-consuming but necessary activity to carry forward and incorporate relevant clinical information into the daily note. What is different today is that, because little effort is required to cut and paste material in an EHR, indiscriminate copying and pasting is occurring; resulting in bloated and confusing notes that contain redundant, outdated, and even incorrect information. Eliminating the ability of physicians to cut and paste is not a viable option because there are many occasions when important past information needs to be included in the current note. QNOTE is sensitive to inappropriate cutting and pasting; when it occurs the QNOTE score suffers. Thus, one way to end this practice is to evaluate clinicians' notes and provide them with feedback regarding note quality.
The clinical note is the basis for medical coding and billing; billing levels are based on the evaluation and management information contained in the note. In recent years there has been an increase in upcoding; between 2001 and 2010, physicians have significantly increased their billing for higher-level E&M codes. 25 There is a proposal that the American Medical Association's proprietary CPT coding system require that physicians provide substantially more documentation of their medical decision making. 26 If this is approved, more attention will have to be paid to the quality of information in the note. In addition, the new International Classification of Diseases (ICD-10-CM) requires more documentation. 27 Currently, there is no standard for assessing note quality and without a standard it is difficult to provide physicians with the systematic feedback they need to improve and maintain the quality of their notes. QNOTE can assist physicians in the evaluation of their notes and it can help them discover and correct deficits in their documentation.
The physician-patient encounter can be analyzed in terms of at least three interrelated levels of analysis. The first level is the clinical note, which is assessed in terms of the quality of its elements, that is, clinical note quality. The second level is the clinical encounter, which is assessed in terms of the quality of the physicians' collection of the relevant clinical information, their analysis of the information, and their clinical plan based on their analysis, that is, clinical quality. The third level is the clinical outcome, which is assessed in terms of the health of the patient, where health is usually defined in terms of one or more clinical outcomes, that is, clinical outcomes. In this view, a high-quality clinical note is necessary, but not sufficient, for determining the quality of the clinical encounter. In other words, if the clinical note is not of sufficient quality, then the clinical quality of the clinical encounter cannot be determined. However, a high-quality note does not guarantee a high-quality clinical encounter. Likewise, a high-quality clinical note is necessary but not sufficient for assessing patient outcomes.
We selected patients with type 2 diabetes because their visits are generalizable to all but the simplest primary care visits and their visits require full and complete clinical notes. Type 2 diabetes is the second most common diagnosis, after hypertension, in ambulatory medicine. 28 Patient visits can be for only diabetes, which includes tests and medications, but more commonly they include the management of multiple comorbid conditions. Although we call these visits diabetic because the patients have type 2 diabetes, in reality these patients have most major diseases, including cardiovascular, renal, neurological, infectious, and musculoskeletal, and they exhibit the full range of severity of illness. 29 In a recent population-based survey of 3761 adults with type 2 diabetes, 82.4% reported one or more morbidities, with a mean of 2.4 comorbidities, 29 and the average patient with diabetes takes three or more medications. 30 In other words, visits of patients with diabetes involve a wide variety of diseases representing the spectrum of clinical medicine and, because of the patient's complexity, the physician's clinical note must be detailed, accurate, and complete. Acute, self-limiting illness patient visits usually have too brief a note for the proper evaluation of their quality.
This study has several limitations. First, it was performed using MHS records. It is well established that the MHS distribution of patients is similar to the civilian community and it provides equivalent care to the civilian community. [31] [32] [33] [34] Second, although the MHS EHR is similar in most respects to commercial EHRs, these results may not be generalizable to all EHR systems. Third, we know of no MHS-wide billing or diabetes quality improvement initiatives related to the clinical note, but if there were any, this might account for some, but not most, of our findings. Fourth, we assessed primary care clinic visits; we do not know the relationship between the introduction of the EHR and specialty clinic visit note quality. Our study has several strengths. It was a large five and a half year longitudinal multicenter trial that used the validated QNOTE instrument to rigorously evaluate the impact of the EHR on the quality of clinical notes. This is the first longitudinal quantitative assessment of the quality of outpatient clinical notes using a validated instrument.
CONCLUSIONS
The EHR significantly improved the overall quality of the outpatient clinical note and the quality of all its elements, including the core and non-core elements. To our knowledge, this is the first study to demonstrate that the EHR significantly improves the quality of clinical notes.
